E~EMENTAL ULTMSO~C TECHNIQUES u) Classical techniques
In this study, two classical methods have been used. The first one is called the reJexion method. Itconsists in calculating the complex acoustic impedance L* from the measurement of the reflexion coefficient at the interface delay line/material (l).
The second method is based on the measurement of the phase and amplitude variations of a transmitted single frequency (2) ptise through the studied material. The velocity and absorption variations due to the change in the mechanical properties of the material are then calculated.
b) Rezoelectric sensor method
This original technique (3) is based on the measurement of the electric impedance of a piezoelectric element PZT electrically excited and inserted in-situ in the studied material (Cf. figure 1) . The experiment device consists in an impedancemeter which measures the electrical impedance of the ceramic. It is connected to a computer allowing the data processing via an EE interface. The piezoelectric ceramic electrically excited undergoes two types of deformation: axial mode and radial mode. When the diameter is much larger than the thickness, the frequeney of these two modes are very far one from each other and can be considered as independent and studied separately. In this smdy the axial mode is chosen. It has been shown that the electrical impedance of the piezoelectric sensor describes its deformations, The vibration is characterized by a resonance curve. The amplitude and the width of each vibration are connected with both intrinsic properties of the ceramic ( mechanical, geometrical, electrical) and also with viscoelastic properties of the surrounding medium. Therefore, the variation of the ultrasonic velocity is calculated from the electric impedance during polymer cure and by means of a theoretical model which ties into account the temperature dependence of the properties of the piezoelectric element.
SULTS AND DISCUSSION
This method of the inserted sensor has been validated first at constant temperature during the cures of epoxies resins and polyurethane.
The comparisons between classical ultrasonic methods and the piezoelectric sensor method are in good agreement. Then in a way to validate further this method, the cure of a resin is realised at variable temperature (2): the piezoelectric sensor method is used to follow a complex industrial cure cycle until 340°C. The studied medium is a polyimide Pm-15 mainly used in aeronautic field because of its good properties at high temperature. Figure 2 illustrates the compared techniques. 
CONCLUSION
The piezoelectric sensor method has been used during a variable temperature cure and on a large scale (20-340)°C. Comparison with classical ultrasonic technique has proved the ability of this original method to monitore not ofly constant temperature epoxies or polyurethane cures but also a complex cure at high temperature of a composite which is of interest for special high temperature composite curing processes. Mans, France, 1997 3. Perissin-Fabert, I, Jayet, Y.; Merle, G., "Monitoring therrnoset polymerization by using piezoelectric measurements", Journal of Applied Pobmer Science, Vol. 46, pp. 1087 -1093 , 1992 This research was carried out with the financial support of HISPANO-SUIZA / SNECMA
